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I - SYSTEMS STUDIES ACTIVITIES 

( A )  Program Development and Analysis 

Two documents that  deal w i t h  the subject of program development 

and analysis are  being prepared. The f i r s t  of these presents a frame- 

work i n  which objectives may be analyzed, and then presents an analysis 

of planetary quarantine objectives w i t h i n  this framework. The second 

document presents a scheme for  developing an operational program from 

''primary" objectives o f  a nonoperational character. T h i s  scheme i s  

then used t o  begin to  develop an operational program from planetary 

quarantine (and other national ) objectives. 

1. Planetary Quarantine Objectives. Objectives may vary considerably 

The major points of the document i n  their degree of specificness. 

are : 

(a )  i f  one wishes to  formulate specif ic  objectives, he should 

have an adequate amount of information about the means of 

attaining the objectives in order t o  insure that  they can be 

achieved, and to  insure tha t  the cost of attainment is  acceptable, 

planetary quaranti ne research and development ac t iv i t i e s  are 

just beginning  t o  provide this type of information i n  a 

cost/effectiveness tradeoff format, 

i f  the person(s) formulating objectives and the person(s) 

( b )  

(c )  

responsible f o r  t he i r  attainment have different  views, con- 

s t r a in t s  or objectives i n  closely related areas, the formulation 

of specif ic  objectives can create problems fo r  the person(s) 

responsible f o r  objective attainment, and 

COSPAR and the United States,  as "formulator" and l'attainer" 

i n  this context, potentially have this problem. 

( d )  
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2. Development and  Analysis. Given program objectives of a nonspecific 

character, i t  i s  possible under certain conditions t o  develop a 

program leading to  a collection of parameters which have the 

properties : 

a )  they may be measured or  controlled ( the l a t t e r  e i ther  physically 

or a decision may be made about the i r  magnitude) .  

b )  a f t e r  measuring those parameters for  which measurement is 

appropriate, one may determine the feasi b i  1 i ty  o f  d i  f ferent  

specif ic  program objectives. 

of  specif ic  objectives may be obtained i f  cost data i s  available 

Furthermore, the cost of attainment 

fo r  the controllable parameters. 

The document i n  preparation describes how such a program may be 

developed, and presents part of the planetary quarant i  ne program 

developed i n  such a format. 

(B) Requi rements Model i ng 

To undertake the development and analysis described above, i t  i s  

desi rabl e t o  re1 a te  the parameters associated w i t h  the "primary" 

objectives to  parameters which are somewhat more operationally oriented. 

A model intended for  this purpose has been developed which assumes 

tha t  the prime objective o f  the lander phase of the Martian Exploration 

Program i s  t ha t  i t  be "successful". This, in t u r n ,  i s  expressed i n  

terms of mission success and noncontamination of Mars w i t h i n  a time and 

cost constraint system. 

the accomplishment of these ends, t he i r  attainment must be modeled i n  

some way. 

Since there i s  no absolute yardstick t o  measure 

The  model attempts to  t rans la te  the prime objective, and 
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the subobjectives i n  terms of probabili t ies.  Thus, the expression, "N 

lander missions are i s  taken to mean w i t h  probability of a t  

least  P E a s  ; the expression, " the  planet Mars i s  not contaminated" i s  

also taken to  mean w i t h  probability of a t  l eas t  P N a C  . 
expression, the lander phase of the Martian Exploration Proqram i s  

Finally, the 

I 

"successfulM must also be translated i n  terms of a p r o b a b i l i t y  P .  This 

l a t t e r  minimum acceptable protiabili t y  o f  the "success" o f  the proqram 

will i n  a l l  likelihood be a policy decision. T h e  aim o f  this model i s  

to  qive a way of measurinq this  jo in t  probability o f  success, i . e . ,  the 

probability of successfully completing a t  l eas t  N missions and not 

con tami n a t i  ng Mars. 

The f i r s t  subobjective - N successful missions w i t h  m i n i m u m  acceptable 

- is  expressed as: 
A 

probability of a t  l ea s t  P E e S  

M 

where Ps i s  the probability 

and M represents the number 

prepared t o  launch i n  order 
A 

of the ''success" of an individual mission 

of additional missions that  one must be 

t o  achieve the subobjective. T h a t  i s ,  given 

, Ps and N, the m i n i m u m  M f o r  which inequality ( 1 )  i s  sa t i s f ied  'E.S. 
may be found. 

Assuming that  cost i s  an important factor i n  determining an acceptable 

level of ''success", and assuming t h a t  mission cost i s  n o t  negligible,  

the model assumes the existence of an upper bound, M ,  fo r  M ,  i .e. , 
I 
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A A 

I n  th i s  case, i f  P E e S  , Ps,  N, and M a re  given, then e i ther  there wi l l  be 

a t  l eas t  one M - < M so  t h a t  the inequality is  true or M mus t  be qreater 

t h a n  to  s a t i s f y  inequality ( 1 ) .  I n  the l a t t e r  case, t h i s  means t h a t  the 

,. 

objective of N successful missions w i t h  probability not less  t h a n  P E e s  
cannot be met, and e i ther  N o r  M or  Ps o r  P E e S  must be changed. 

II LI 

I n  
A 

the case where there i s  more t h a n  one M 5 M someone must decide which 

value of M t o  choose. 

Once this particular value o f  M i s  chosen, one investiqates the 

probabi 1 i ty of contami nati ng the planet Mars , which depends on: 

1 .  

2. 

Thus, the second subobjective of the program, t h a t  the probability of 

not contaminating Mars, P N S c  ( N , M ) ,  be a t  l ea s t  P N n C  can be expressed a s :  

the probability, P L Y  t h a t  a single lander contaminates the planet, and 

the probability, PF(J), t h a t  the Jth extra mission i s  flown,(J=O, ..., M ) .  

,. 

The measure of proqram success, P ,  i s  now the j o i n t  probability of 

achieving the two subobjectives and can be expressed as: 

P ,  as the measure o f  program success under the various operatinq constraints 

i s  now compared to  P. I f  P - > P ,  then the model s t a t e s  ( for  the given 

parameter values) that  the lander phase of the Martian Exploration Proqram 

will  be successful w i t h  probability P. I f ,  however, P < P ,  then the lander 

phase of the Martian Explorat ion Program does not meet the m i n i m u m  acceptable 

probability of proqram success. 

A A 

n 

I n  th i s  case, a decision must be made 
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either t o  change program parameters t o  make P P o r  t o  reduce the value 

of  P so  tha t  P P. T h i s  model , used as a planning tool ,  hopefully wil l  

afford a rational basis fo r  such decisions. 

Final l y  , a computation scheme has been prepared t o  1 nvesti qate 

sens i t i v i t i e s  among the parameters. 

was assumed t o  be of the form 

In maki ng such computations , PF( J )  

M 
O f  course, 1 PF( J )  = 1.  Intui t ively,  this choice corresponds to  

J=O 
assuming tha t  the r a t i o  

(Probability of launching exactly J additional missions) 
(Probability of launchinq exactly M additional missions) 

i s  the same as the r a t i o  

(Probabili ty o f  the N t h  "successfuln mission occurrinq on the ( N + J ) t h  launch) 
(Probabili ty of the N t h  "successfult' mission occurring on the (N+M)th launch) 

A report  on this work is being prepared. 

( C )  S te r i l i za t ion  Models 

Research is continuing on the model discussed i n  the previous quarterly 

report. 

d i f f icul t ies  i n  application have prompted an attempt t o  introduce ra t iona l i ty  

Although this model may be of theoretical  interest, inherent 

by a simpler approach. 

Consider a microorganism as a device of N v i ta l  systems such tha t  

inactivation results from the fa i lure  of any one o f  the N systems. 

Suppose also tha t  the i t h  system, i = l , Z ,  ... N, is  provided w i t h  a 
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redundancy of n i .  

device being functional a t  time t i s  aiven by 

Then from r e l i a b i l i t y  theory, the probability of the 

N n ,  

where q i ( t )  i s  the p r o b a b i l i t y  t h a t  a system of the i t h  type i s  functional 

a t  time t. 

Translating from devices to  spores and from N systems to  N types of 

v i  t a l  molecules w i t h  ni  bei nq the  number of molecules of the i t h  type, 

p ( t )  of equation 1 is probability of spore su rv iva l  t o  time t w i t h  q i ( t )  

b e i n g  the probability tha t  a molecule of the i t h  type has not been 

inactivated a t  time t. 

Assume t h a t  q i ( t )  i s  qiven by the expected number of molecules s t i l l  

active a t  t divided by i n i t i a l  concentration. T h u s  

where c i ( * )  i s  the concentration. 

I f  the deactivating reaction i s  1 s t  order, 

q i ( t )  = expr-ktl 

and i f  i t  is 2nd order, 

where k i s  the reaction ra te  cons tan t .  

F igure  1 shows typical curves f o r  various reactions and assumptions 

reqarding N and n i .  

( i n  a dry heat thermal environment) exists i n  each of these forms. 

I t  i s  of in te res t  t h a t  actual spore survival data 
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Fiqure 2 shows comparisons t o  Silverman's d a t a  for  N = 1, n.  = 2, 
1 

-1 and deactivation by f i r s t  order kinetics. Rate constants of .55 hr. 

a t  106OC and 2.65 h r .  T h u s ,  

in e f fec t ,  t h i s  data a t  1 0 6 O C  a n d  120°C has been " f i t "  by varying the 

reaction ra te  parameter. The Arrhenius equation is a well-known chemical 

equation which relates  reaction rate to  temperature. Usinq th i s  equation 

and the ra te  constants determined for  106OC and 120°C, a rate constant 

was computed for  135OC. The value was 12.5.  The associated predicted 

curve was then compared with Silverman's data a t  135OC, and the resu l t  

i s  shown in Fiqure 2. 

-1 a t  120°C were obtained experimentally. 

A paper has been prepared applyinq the model of equation 1 and i t s  

use of N death mechanisms t o  nonlogarithmic microbial survival i n  a 

thermal environment. A report providinq de ta i l s  of the model and i t s  

applications t o  spacecraft s te r i l i za t ion  i s  i n  the typing phase. Simple 

computing methods for  computing expected population when the temperature 

i s vari ab1 e are i ncl uded with computed examples. 
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I 1  - SYSTEMS SUPPORT ACTIVITIES 

(A)  P lanetary  Quarantine Sys tem Support 

The vacuum probe sampler u n i t  which has been desiqnated the  " f i l t e r  

probel l is  be ing opt imized t o  reduce the percentaqe of mic rob ia l  contamina- 

t i o n  which i s  l o s t  by impingement on the w a l l s  o f  t he  f i l t e r  housing. This  

op t im iza t i on  procedure has consisted o f  des ign ing a housinq which causes 

the  smal les t  amount o f  a i r  turbulence and o f  designing removable metal 

i n s e r t s  which can be used as l i n e r s  f o r  t he  housing wa l l s  and can be 

o v e r l a i d  w i t h  agar t o  prov ide mic rob ia l  counts. 

A repo r t  e n t i t l e d  "A New Approach t o  the  M ic rob io loq i ca l  Samplinq o f  

Surfaces: The Vacuum Probe Sampler" (SC-RR-67-114) has been published. 

This  repo r t  describes the p r i n c i p l e s  o f  the  new sampling technique, t he  

pro toco l  developed t o  t e s t  t h e  device's performance, and the  r e s u l t s  o f  

an extens ive t e s t  program. 

A study has been i n i t i a t e d  t o  develop a phys ica l  model which i s  best 

s u i t e d  f o r  t he  c o l l e c t i o n  and r e t e n t i o n  of v i a b l e  microorganisms w i t h i n  

a laminar  a i r f l o w  environment. 

i nvo l ve  s tudy ing a i r f l ow  around d i f f e r e n t  s o l i d  geometries w i t h i n  a laminar 

downflow study chamber. To provide a means o f  contaminatinq the  d i f f e r e n t  

models w i t h  in t ramura l  microorganisms f o r  t e s t i n g ,  a laminar downflow 

u n i t  w i thou t  absolute f i l t e r s  i s  being obtained. 

taminat ion and the  types o f  v iab le  contaminants are s i m i l a r  t o  the  t r u e  

s i t u a t i o n s  invo lved i n  laminar f l ow  work environments. 

The f i r s t  segments o f  t h i s  study w i l l  

Th is  mechanism o f  con- 

Sampling s tud ies  t o  determine the  m ic rob ia l  p r o f i l e  o f  hosp i ta l  

opera t ing  rooms have been completed. 

contaminants from a nonlaminar a i r f l o w  room a re  being completed. 

I s o l a t i o n  and i d e n t i f i c a t i o n  o f  t he  

A 
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report summarizing the resul ts  of th i s  study will  be issued d u r i n q  the 

next quarter. 

Dry heat studies have been conducted i n  support of Spacecraft 

Ster i  1 ization Advisory Comni t t e e  Subcommittee I ac t iv i t ies .  Results 

of these studies will be submitted and discussed d u r i n g  the Houston 

meeting of Subcommittee I i n  April 1967. 

(6) Principles of Contamination Control 

"Principles of Contamination Control "document is  complete and will 

be delivered to  NASA by April  1 .  T h e  Office of Technical Util ization 

(UT) plans to  p u b l i s h  this document as a NASA technical publication. 

Sandia a l so  has the responsibility of reviewing the galley proofs before 

i t  is published. 

T h i s  document contains basic principles of contamination control and 

is  intended to  supply quideline information fo r  planninq purposes. A 

model f o r  contamination control was developed for this document which 

presents a more complete picture of the f i e ld  than has been possible 

before. By use of the model, areas of contamination control a re  more 

closely and accurately related to  each other. 

In f inal  form, the document should contain approximately 100 pages 

which includes approximately 50 i l lus t ra t ions .  

(C) Contamination Control Study 

Work performed on the contamination control study d u r i n g  the past 

quarter has consisted primarily of review of l i t e r a tu re  on cleaning agents 

and cleaning methods and of condensing and documenting some o f  tha t  infor- 

mation as i t  applies to  Contamination control. 

f inal  document which contain information on solvents, surfactants,  acid 

cleaners, a1 kaline cleaners, and ultrasonic cleaning are being written. 

Those sections of the 
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C 

Dr. T. J. Bulat ,  Manager of  Sonic Enerqy Engineerins,  Bendix Corpora- 

t i o n ,  Instruments & Li fe  Support Division, visited Albuquerque t o  present 

an u l t r a son ic  c leaninq demonstration. Numerous technical  aspec ts  of 

u l t r a son ic  c leaning were discussed w i t h  h i m  i n  a personal conference a t  

t h a t  time. 

Plans f o r  the j o i n t  NASA/AEC symposium on contamination control  have 

The symposium progressed t o  f i x  the  da tes  a s  September 12 throuqh 14,  1967. 

will be held i n  Albuquerque, w i t h  arrangements being made by Sandia 

Laboratory. A t e n t a t i v e  l i s t  of  papers which a r e  t o  be considered f o r  

i n v i t a t i o n  has been prepared and mailed t o  paper committee members f o r  

review. 

A t  a meeting a t  Cape Kennedy on March 1 ,  1967, comnittees were formed, 

and chairmen and some committee members were named. 

men and committees a re :  

The symposium chai r -  

General Chai rman : ti. D. S i v i n s k i ,  Sandia 

Vice Chai rman : F. J .  Beyerle, MSFC 

Arrangements Committee Chairman: J .  R. S u b l e t t ,  Sandia 

Papers Committee: 

Chairman: W .  L .  Clement, Sandia 

Members : W .  J .  Whitf ie ld ,  Sandia 
L .  J .  Klamerus, Sandia 
Q. T. Ussery, MSC 
Dr. John Gayle, KSC 
F. J.  Beyerle, MSFC 
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111 - MISCELLANEOUS 

( A )  Publications 

1.  V. L. Dugan, W .  J. Whitfield, J. J. McDade, J. W .  Beakley, 

F. W .  Oswalt, " A  New Approach t o  the Microbioloqical Sampling o f  

Surfaces : The Vacuum Probe Sampler" , SC-RR-67-114, March 1967. 

( B )  Subcommittee I1 Meetinq 

The first meeting of the Subcommittee on Mathematical Models of the Space- 

c ra f t  Ster i  1 i zation Advisory Committee coordinated by the Ameri can Ins t i  tu te  

of Bioloqical Sciences was held i n  Tallahassee, Florida, on February 8 and 9. 

The objectives o f  t h i s  meeting were t o :  

1 .  Outline a mutually agreeable approach to  the development of the 

Planetary Quarantine proqram and 

Discuss the objectives, assumptions and considerations occurring i n  2. 

specif ic  models used i n  the Planetary Quarantine proqram w i t h  a view 

toward arriving a t  a mutually agreeable s e t  of each. 

A. L. Wyer, 2571, presented a talk en t i t l ed ,  "An Approach to  Proqram 

Development and Analysis", i n  which he outlined an approach to  these items which 

is dependent upon program objectives and an analysis o f  them. (See Section I.A.2) 

E.  J. Sherry, 2571, discussed the recently developed model explained i n  

Section I.B. He emphasized the need t o  consider other National objectives 

( fo r  example, experimental success) when attempting t o  analyze National Planetary 

Quarantine objectives. 

J. P. Brannen, 2571, described the microbial death model treated in 

Section I.C. This model i s  based upon the assumption that  thermal death of 

microorganisms is due to  chemical inactivations of ' 'vi tal" types of molecular 

s t ructures  i n  the ce l l .  
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